Background Posttraumatic arthritis secondary to lateral tibial plateau fracture malunion causes pain and limited function for patients. It is sometimes technically challenging to correct malalignment in these patients with advanced arthritis using osteotomies. Lateral unicompartmental knee arthroplasty (UKA) may be an option to treat such patients. Questions/purposes We asked whether UKA for lateral posttraumatic osteoarthritis (1) reliably alleviates pain and improve function, (2) restores lower limb alignment, and (3) is as durable as UKA for primary lateral osteoarthritis. Patients and Methods We retrospectively reviewed 13 patients with lateral cemented UKA (mean age at surgery, 50.1 years) treated at two institutions between 1985 and 2007. We obtained Knee Society scores and evaluated radiographs for evidence of implant loosening or progression of arthritis in the medial compartment. Minimum followup was 3 years (mean, 10.2 years; range, 3-22.1 years). Results Mean Knee Society knee score improved from 51 points (range, 29-75 points) preoperatively to 88 points (range, 65-100 points) at last followup, suggesting the procedure relieved pain. Mean function score improved from 51 points (range, 10-89 points) preoperatively to 87 points (range, 35-100 points) at last followup. The mean hip-knee-ankle angle was 188°preoperatively (range, 184°-1938) and 185°(range, 183°-188°) at last followup. Prosthesis survivorship was 100% at 5 and 10 years and 80% at 15 years. Conclusions Despite the limited number of indications and technical considerations, our observations suggest lateral UKA is a reasonable option for treating lateral arthritis secondary to malunited fractures.
Introduction
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degenerative changes, offering a challenge to surgeons. Nonoperative management is the primary treatment option; however, patients are often unable to function adequately through activity modification or bracing.
The surgical options for lateral femorotibial osteoarthritis include varus-producing osteotomies, TKA, or unicompartmental knee arthroplasty (UKA). Various tibial or femoral osteotomies can be utilized to correct valgus deformities and to direct load through the medial compartment [5, 18, 24] when loss of cartilage thickness is partial. These osteotomies result in relief of pain in 77% to 91% of patients [4, 5, 18] and restoration of function in 72% to 88% at 9.4 to 11.2 years [4, 5, 18] . In severe cases, it can be difficult, if not impossible, to correct a large intraarticular defect through an extra-articular procedure [13] . When there is full loss of cartilage in the affected compartment, osteotomy is usually no longer considered. UKA offers an alternative to TKA when the other joint compartments are preserved.
Lateral UKA for primary degenerative disease reportedly provides pain relief in 86% to 100% of patients and restoration of function in 63% to 100% at 5 to 13 years [2, 3, 25] , even in relatively young patients (ie, younger than 60 years). However, in these patients, wear is a longterm concern [16] . UKA could also be considered for isolated posttraumatic lateral compartment arthritis if relief of pain, restoration of function, and durability were similar to those for patients with primary degeneration.
We therefore addressed the following questions: (1) Does UKA for lateral posttraumatic osteoarthritis reliably alleviate pain and improve function? (2) Does UKA restore lower limb alignment when performed for lateral posttraumatic osteoarthritis? (3) Is UKA performed for posttraumatic arthritis as durable as UKA performed for primary lateral osteoarthritis?
Patients and Methods
We retrospectively reviewed all 13 patients (six male, seven female) treated with an isolated lateral UKA (13 knees) for lateral compartmental arthritis secondary to tibial plateau fracture between January 1985 and December 2007 in our two institutions. The seven patients from Hôpital Sainte-Marguerite were included in a previous report of the outcomes after lateral UKA performed for all indications, but the prior study did not separately report outcomes of lateral posttraumatic arthritis [2] . During the study period, 1166 UKAs were performed at our two institutions, 155 of which were lateral UKAs. The general indications for the procedure were isolated lateral compartment arthritis associated with a loss of articular cartilage in the involved compartment of at least Grade 3 according to the Ahlback classification [1] without full-thickness articular cartilage defects in the medial compartment; a preserved patellofemoral joint (based on clinical evaluation and skyline view radiographs); and finally a stable knee in the frontal and sagittal planes. While we consider a coronal plane deformity of greater than 14°of valgus to be a contraindication for lateral UKA in an osteoarthritic population [26] , patients with any degree of deformity were considered for posttraumatic UKA as long as a varus stress radiograph demonstrated reducibility of the deformity (Fig. 1 ). The integrity of the ACL was determined clinically and radiographically with single-leg standing AP and lateral radiographs. Anterior tibial translation of greater than 10 mm, posteromedial flattening, or hooking of the tibial spines (all indicators of ACL insufficiency) were contraindications to UKA, as was clinical evidence of medial collateral ligament deficiency [7] . Any patients undergoing associated procedures were excluded. Five patients had arthroplasty of the right knee and eight the left knee. The mean (± SD) age of the patients at the time of UKA was 50.1 ± 12.6 years (range, 25-67 years). The mean body mass index of the patients was 25 ± 3.7 kg/m 2 (range, 21-30 kg/m 2 ). According to the Ahlback classification [1] , all knees were Grade 4. The initial tibial plateau injury was treated with open reduction and internal fixation in 10 patients (plate osteosynthesis with bone autograft in two patients, plate osteosynthesis with bone substitute graft in one patient, plate osteosynthesis alone in two patients, and screws alone in five patients) ( Table 1 ). The initial injury was treated nonoperatively in three patients. The mean time from fracture to UKA was 5.1 ± 5.2 years (range, 1-18 years) ( Table 1 ). Five patients engaged in strenuous physical activity (heavy lifting, prolonged standing or walking), while eight did not regularly engage in these activities. None of the patients was lost to followup. Minimum followup was 3 years (mean ± SD, 10.2 ± 5.7 years; range, 3-22.1 years). No patients were recalled specifically for this study; all data were obtained from medical records and radiographs. Approval of the local ethical committee was obtained.
All operations were performed by the two senior authors (JNA, PN) via a lateral parapatellar approach. A tourniquet was used in all patients. A tibial tubercle osteotomy was used in two patients in whom the standard lateral parapatellar approach was too limited to obtain adequate visualization of the articular surface [6] . Concomitant hardware removal was performed in seven of the eight patients with retained hardware. In one case, hardware was left in place as it did not interfere with tibial component placement and was believed to provide support to the bone under the tibial implant (see below). Due to fracture malunion and bone loss, the amount of bone resection on the tibial side was minimized. We used autogenous bone graft from the tibial cut to fill contained defects in the proximal tibia below the level of the tibial cut. To improve the mechanical properties of the cancellous bone under the tibial implant (zone of fixation) in cases requiring bone grafting, one or two reinforcing screws in the transverse plane (three patients) ( Fig. 2) or a plate and screws (one patient) were placed through the tibial bone below the tibial cut. We recommend the use of screws or a plate to reinforce the subchondral bone in cases of substantial comminution and depression of the lateral tibial plateau. All components were cemented ( Fig. 3 ). Three different UKA prostheses were utilized in this series: the HLS Uni Evolution (Tornier, Inc, Grenoble, France) (six patients), which is a fixed-bearing resurfacing implant with a cemented full-polyethylene tibial plateau; the Marmor II (Richards Orthopaedics, Memphis, TN) (two patients) before 1989; and the Miller-Galante unicompartmental knee system (Zimmer, Inc, Warsaw, IN) (five patients) after 1989 (Table 2 ). Both were used with metal-backed cemented tibial implant. All patients received perioperative antibiotics (second-generation cephalosporins) and prophylactic anticoagulation treatment (low-molecular-weight heparin). A knee immobilizer was placed immediately postoperative and removed when quadriceps function returned. Weightbearing as tolerated without a brace was initiated on Postoperative Day 1. Full ROM was allowed immediately with the exception of the two patients who underwent tibial tubercle osteotomy. In these patients, ROM was limited to 95°of flexion for the first 45 days postoperatively and then advanced to full ROM. The knee immobilizer was utilized during weightbearing for 45 days in these patients. For all patients, physical therapy was supervised daily in the immediate postoperative period and then with two to three times weekly outpatient therapy visits after hospital discharge. Crutches or walkers were utilized in the immediate postoperative period and discontinued at the discretion of the therapist.
Postoperative clinical and radiographic followup was performed prospectively at 2 months, 6 months, 1 year, and every 2 years thereafter in all patients. The clinical and radiographic evaluation was performed according to the same protocol at both institutions and included International Knee Society (IKS) knee and function scores [12] . Data from the last followup were reviewed and confirmed by two independent observers (SL, SP).
Two of us (SL, SP) evaluated all radiographs using a standardized protocol at followup, including standing AP, lateral, and full leg length views and an axial view in 30°of knee flexion. We recorded overall mechanical axis, radiolucent lines, and progression of degenerative disease in the medial or patellofemoral compartments. Mechanical axis was measured as the angle between the femoral mechanical axis (a line drawn from the center of the femoral head to the center of the knee) and the tibial mechanical axis (a line drawn from the center of the knee to the center of the ankle) [19] . Intraclass coefficients (ICCs) for interrater reliability of this method is reportedly 0.88 to 0.94 [19] . The presence of radiolucent lines was noted on standard AP and lateral radiographs of the knee. The ICC for interrater reliability of assessment of the presence of radiolucent lines after UKA is greater than 0.98 [8] . Progression of medial compartment degenerative disease was defined as progression of the medial compartment to a more severe stage of degeneration according to the International Knee Documentation Committee (IKDC) system [10] . The ICC for interrater reliability of assessment of the medial compartment with this system is reportedly between 0.35 and 0.56 [20] . Any subsequent operations on the index knee were recorded.
We report patient demographics using means and SDs or medians and ranges for continuous variables and counts (percent) for categorical variables. We report radiographic outcomes using means and SDs to describe preoperative and postoperative alignment. Finally, we performed 5-, 10-, and 15-year survival analyses for all patients, considering implant revision for any reason as the end point.
Results
At last followup, mean IKS knee and function scores improved from 51 points (range, 29-75 points) preoperatively to 88 points (range, 65-100 points) postoperatively and from 51 points (range, 10-89 points) preoperatively to 87 points (range, 35-100 points) postoperatively, respectively ( Table 2 ). ROM at last followup was generally similar to that before surgery. One patient had a decreased arc of motion, from 110°preoperatively to 80°postoperatively. One patient had an extensor lag preoperatively (20°) that improved to 10°postoperatively.
The mean mechanical axis was 188°(range, 184°-1938) preoperatively and 185°(range, 183°-188°) at last followup. Two knees had a radiolucency of less than 1 mm at the tibial bone-cement interface without any sign of progression after 5 years of followup. No femoral radiolucency was observed.
Considering revision for any reason as the end point, the 5-year and 10-year implant survivorship rates were 100% and the 15-year implant survivorship was 80%. We performed no revisions for infection or loosening. One patient had revision to a TKA for progressive medial compartment degenerative changes at 13.7 years postoperatively. His IKS scores reflect his condition before this revision. The mechanical axis of this knee was not included in the alignment data reported above. One patient suffered a traumatic patella fracture 10 years postoperatively. Before this injury, he was satisfied with the procedure; however, after the injury, he continued to experience anterior knee pain and never regained acceptable knee function. His knee scores were not included in the functional results above as they reflect primarily his disability secondary to the patella fracture. No loosening or substantial polyethylene wear occurred in any knees.
One patient suffered a postoperative pulmonary embolism, which required anticoagulant treatment at therapeutic levels. This patient developed persistent stiffness postoperatively and had manipulation under anesthesia 1 month postoperatively. After manipulation and physical therapy, the patient's ROM improved to within 10°of the contralateral side. No late complications related to the UKA were encountered. One patient underwent hardware removal at 5.5 years postoperatively to remove the plate used in the initial fracture fixation and left in place as a buttress at the time of UKA. At the time of removal, the proximal two screws were left in place to reinforce the bone under the tibial baseplate as discussed above.
Discussion
The surgical options for posttraumatic lateral femorotibial arthritis include osteotomy, TKA, and UKA [9] . Long-term pain control and functional improvement after lateral UKA for degenerative disease has been reported in the literature [2, 3, 25] , even in relatively young patients in whom wear is a concern [16]. UKA can thus be discussed for isolated lateral posttraumatic arthritis. We asked whether UKA for lateral posttraumatic osteoarthritis (1) reliably alleviated pain and improved function, (2) restored lower limb alignment, and (3) was as durable as UKA for primary lateral osteoarthritis.
Some limitations to this study can be outlined. First, the number of patients is relatively small. This limitation is a reflection of the relative rarity of this surgical indication. However, the large improvements in outcome scores and longevity of the implants are effectively demonstrated even in this small series. Second, three different implants were used during the study period. Although we lack numbers for a formal comparison between implant types, we do not believe implant choice to drive outcome. Third, we did not match our patients with patients undergoing lateral UKA implanted for primary arthritis. We have compared these patients to literature controls, but one must be aware of inherent differences in the patient populations when making such comparisons.
Our observations suggest lateral UKA relieves pain and improves function in patients with posttraumatic arthritis. Sah and Scott [25] reported on 10 patients with posttraumatic arthritis in a series of 49 lateral UKAs and an average followup of 5 years. They found lower IKS scores in the patients with posttraumatic arthritis (knee = 74; function = 65) than in patients having UKA for primary degenerative disease (knee = 95, function = 86) in their series. Our results are more similar to those achieved by other authors performing lateral UKA for all indications. Argenson et al. [2] and Sah and Scott [25] reported IKS knee scores ranging from 88 to 89 and function scores ranging from 78 to 80 with 5 to 12 years of followup. Using the Hospital for Special Surgery (HSS) knee score, Ohdera et al. [21] demonstrated good or excellent results in 89% or patients at 5 years and Pennington et al. [23] noted all good or excellent results at 12.4 years with a mean HSS score of 90. Using the Bristol Knee Score, Ashraf et al. [3] noted good or excellent outcomes in 86% of patients at 9 years (Table 3) .
The mechanical axis in our series improved from a mean of 188°preoperatively to 185°postoperatively. This change parallels that noted in previous series of lateral UKA performed for all indications, with preoperative alignment ranging from 188°to 190°and postoperative alignment ranging from 183°to 186° [2, 21, 23, 25] ( Table 3) .
Implant survivorship in our series was 100% at 5 and 10 years and 80% at 15 years. This finding is similar to the (Table 3 ). An important characteristic of the posttraumatic population in our series is that the prior tibial plateau fracture led to the development of arthritis and subsequent UKA at a younger age (mean, 50 years) than the mean age reported in series utilizing UKA for lateral compartment degenerative disease (61-72 years) [2, 3, 16, 21, 23] . The functional demands of these younger patients theoretically increases their failure risk in the medium and long term, as has been noted in medial UKA [14, 15] . In spite of this concern, we noted no evidence of substantial polyethylene wear or implant loosening and implant survival was comparable to that in published series. An alternative to prosthesis use in these young patients is the performance of a lateral opening wedge osteotomy to unload the lateral compartment. It is indicated to treat a valgus malunion of the metaphysis [5, 18, 24] but may not adequately compensate for severe depression of the lateral tibial plateau. Kerkoffs et al. [13] recently published a technique combining osteotomies of the tibial metaphysis and articular surface to correct and unload malunions of the lateral compartment. This technique may be useful in preventing the development of posttraumatic arthritis or preventing its progressing in mild cases but is contraindicated in cases of severe osteoarthritis [13] such as those in our series.
TKA is another surgical option for the treatment of posttraumatic lateral compartment arthritis. Results of TKA after tibial plateau fracture were reported by Weiss et al. [28] in 2003 in a series of 62 patients with a mean followup of 4.2 years (average patient age, 46 years). They found a mean IKS knee score of 82.9 and a functional score of 84. However, a number of perioperative (10%) and postoperative (26%) complications were reported, with a total reoperation rate of 21% in the first 5 years postoperatively.
Our data suggest lateral UKA can relieve pain and restore function for relatively young patients with posttraumatic arthritis of the lateral compartment. Postoperative mechanical axis of the lower limb and implant survival rates were comparable to those obtained for lateral UKA implanted for primary osteoarthritis [2, 16, 23] . We believe lateral UKA is a reasonable option for treating patients with isolated posttraumatic arthritis of the lateral compartment. 
